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Wednesday, February 6, 2013 585amade from the previous study and investigate conformational changes at atom-
istic details. Free energy changes involved in translocation process are calcu-
lated from molecular dynamics simulations. In particular, O-helix in the
finger domain and Tyr639 residue near the active site are supposed to play im-
portant roles during each elongation cycle. Correspondingly, we examine
closely the energy cost of Tyr639 fluctuating IN and OUT of the active site,
as well as that of opening and closing of O-helix. Physical insight of polymer-
ase transcription can be gained further by combing our current free energy stud-
ies at atomistic scale with former kinetic modeling that links to experimental
research.
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Transcription by RNA polymerases (RNAPs) is essential in gene expression.
During transcription elongation, an incoming RNA nucleotide binds to the
catalytic center of the polymerase, and is added to the end of an existing tran-
script when the nucleotide correctly pairs with a template DNA nucleotide.
Accurate selection of rNTPs is key to maintaining high transcription fidelity.
Detailed mechanisms on how the nucleotides are selected are still lack of. us-
ing T7 RNAP as a model system, we calculate binding affinities of various
NTP molecules with the RNAP elongation complex, in both its insertion
and pre-insertion states. Stable complex structures are obtained by using mo-
lecular dynamics simulation. Techniques such as MM-GB/SA, QM/MM-GB/
SA are applied to compare the rNTP binding affinities. In addition, free en-
ergy perturbation and thermodynamic integration methods are also utilized
to calculate the rNTP binding free energies. Based on the simulation results,
we would be able to decide which checkpoints (pre-insertion and/or insertion
state) the RNAP utilizes essentially to select against wrong nucleotides. We
would also like to know how each selection proceeds (rejection and/or inhibi-
tion), as well as how strong each selection is in terms of the binding free en-
ergy differences between right and wrong nucleotides.
3016-Pos Board B171
Transcription on Tangled DNA
Maryna Taranova1, Troy A. Lionberger2, Andrew D. Hirsh3,
Noel C. Perkins3, Ioan Andricioaei1.
1University of California Irvine, Irvine, CA, USA, 2University of California
Berkeley, Berkeley, CA, USA, 3University of Michigan, Ann Arbor, MI,
USA.
Bending and torsional deformations of DNA often occur in vivo and are im-
portant for various biological functions in the cell. In particular, DNA super-
coiling (a combination of bending and torsional stresses within DNA) plays
a central role in regulating gene expression. Recent experimental studies of
short circular DNA fragments suggest that combined DNA torsional and
bending stresses strongly impact transcription by RNA polymerase (RNAP).
However, despite phenomenological observations establishing a relationship
between DNA supercoiling and transcription kinetics, many details of the
structure-function relationship between RNAP and DNA template mechanics
remain unclear. We aim to understand how supercoiled DNA affects the struc-
ture of DNA-bound RNA polymerase, with the goal of specifically identifying
protein domains that are sensitive to mechanically stressed DNA templates.
Massively parallel molecular dynamics simulations are performed to describe
the interaction of bacteriophage T7-RNAP with three DNA minicircles pos-
sessing qualitatively distinct states of torsional stress: underwound, over-
wound, and relaxed. The simulations reveal the topologies of the
minicircles in complex with T7-RNAP and the structural details of bent and
twisted protein-bound DNA. We observe remarkable differences between
the conformations of T7-RNAP in complex with undertwisted, overtwisted
and relaxed minicircle templates. In particular, on overtwisted DNA, T7-
RNAP is capable of transitioning from the classical elongation complex struc-
ture into a stable intermediate that resembles the structure immediately pre-
ceding elongation. This finding suggests a structural mechanism by which
transcription elongation may be hindered on bent and overtwisted DNA
templates.
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During transcription, both RNA polymerase (RNAP) and the nascent RNA
chain need to rotate relative to DNA at a speed of approximately a few hundred
rounds per minute. The resulting accumulation of torsional stress cannot be dis-
sipated immediately, and is therefore able to impact the motion of the RNAP.
Despite the fact that torque is an essential aspect of transcription, the extent of
its impact remains unknown. By performing single molecule measurements us-
ing an angular optical trap, we directly measure the torque that RNAP can gen-
erate as well as the transcription rate under torque. This approach provides
a framework for investigating the influence of torque on various DNA-based
translocases.
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RNA polymerase I (Pol I) exclusively transcribe the ribosomal RNA (rRNA)
which constitutes the vast majority of the total cellular transcription products.
Furthermore, rRNA synthesis is highly related with cell division, growth and
biogenesis. Previous studies demonstrated that there is a high correlation be-
tween rRNA level and the rate of protein synthesis in the cell [1, 2]. Therefore,
the activity of PoI I is highly regulated during the cell cycle because of the en-
ergetic cost of protein synthesis. However, the precise activity and the mecha-
nistic pathways of Pol I during transcription are still unknown. Here, we
investigate the kinetics of Pol I transcription using the Tethered Particle Motion
(TPM) technique. Unlike optical and magnetic tweezers, TPM allows observa-
tion of transcription in the absence of tension applied to the DNA template [3].
We also verified that the Upstream Activation Factor (UAF) is not required for
basal in vitro transcription, in coherence with previous reports [4], transcription
did not occur without Tata Binding Box Protein (TBP) and core factor (CF) pro-
teins. We measured transcription rates, at different nucleotide concentrations,
which are comparable with those previously reported from in vitro bulk studies.
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RNA polymerase (RNAP) is a molecular machine that carries out a series of
reactions during transcription initiation:
(i) RNAP binds to promoter DNA, yielding an RNAP-promoter closed complex
(RPc).
(ii) RNAP unwinds ~13 base pairs of promoter DNA surrounding the transcrip-
tion start site, forming a single-stranded region ("transcription bubble"), and
yielding an RNAP-promoter open complex (RPo).
(iii) RNAP begins synthesis of an RNA product as an RNAP-promoter initial
transcribing complex (RPitc).
(iv) After RNAP synthesizes an RNA product ~11 nt in length, RNAP breaks its
interactions with the promoter, escapes from the promoter, and begins tran-
scription elongation as an RNAP-DNA elongation complex (RDe).
It has been known for four decades that the transcription start site can vary over
a range of at least 5 bp–comprising the default start site (position þ1),
downstream-shifted start sites, (positionsþ2 andþ3), and upstream-sifted start
sites (positions 2 and 1)–and that the transcription start site can be re-
programmed within this range by the use of appropriate ribodinucleotide
primers. However, the mechanistic basis of this flexibility in transcription
start-site selection has not been known.
586a Wednesday, February 6, 2013In this work, we have used magnetic-tweezers single-molecule nanomanipula-
tion to monitor the extent of RNAP-dependent DNA unwinding in transcription
initiation complexes containing ribodinucleotide primers that re-program tran-
scription to start at downstream-shifted start sites (positions þ2 or þ3) or
upstream-shifted start sites (positions 2 or 1). The results indicate that re-
programming the transcription start site changes the transcription-bubble
size: forcing a downstream-shifted start site increases transcription-bubble size,
and forcing upstream-shifted start sites decreases transcription-bubble size. The
results support a model in which flexibility in transcription start-site selection
is a consequence of pre-initiation transcription-bubble expansion (‘‘pre-
initiation scrunching’’) or pre-initiation transcription-bubble contraction
(‘‘pre-initiation unscrunching’’).
Membrane Structure II
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Lipopolysaccharide (LPS), a component of bacterial outer membranes, is re-
sponsible for the toxicity of Gram-negative bacteria. LPS is made up of three
regions: Lipid A, the core region, and the O-antigen polysaccharide. Lipid A
has acyl chains and anchors the LPS in the biomembrane. The core region is
relatively conserved across species with only a few canonical structures con-
sisting of about 10-12 monosaccharides. Finally, the O-antigen polysaccharide
is made up of repeating units that are highly variable in structure. Utilizing the
latest C36 CHARMM lipid and carbohydrate force field, we have constructed
a model of an entire E. coli R1 (core) O6 (antigen) LPS molecule. Various
explicit bilayers were built of this LPS molecule with varying lengths of 0,
5, and 10 repeating O6 antigen units; a single unit of O6 antigen contains 5
sugar residues. The simulation results of each system will be discussed to de-
termine the LPS bilayer structure and we also examine the impact of different
components of LPS on lipid properties. At the same time, different concentra-
tions of mixed LPS bilayers are built and studied with explicit MD simulation,
which will help us to elucidate the relationship between LPS structure and its
concentration.
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Sugars play important biological roles in lipid membranes; however, a quan-
titative picture of their interactions is still being developed. In particular, we
have studied the effects of fructose, glucose, sucrose and trehalose. We pres-
ent phase diagrams showing the effects of these mono- and di-saccharides on
the gel-lamellar, fluid-lamellar and inverted hexagonal phases of the lipid
SOPE. Our results suggest that all the sugars we have tested are all excluded
from a thin layer immediately in front of the lipid head groups. Conse-
quently, they are entirely excluded in the gel-lamellar phase and only par-
tially included in the gaps between head groups in the fluid lamellar
phase. The amount of inclusion in the fluid lamellar phase is similar among
the monosaccharides and among the disaccharides, with the monosaccha-
rides showing a higher degree of inclusion. In the inverted hexagonal phase,
for all of the sugars, there appears to be the aforementioned exclusion
zone which surrounds a core of sugar and water which matches the bulk
concentration.
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The effects of adding 1 mol % of gramicidin A to the well-known DOPC/
DSPC/cholesterol lipid mixtures were investigated. 4-component giant unila-
mellar vesicles (GUV) were prepared using our recently developed Wet-Film
method. The phase boundary of liquid-ordered and liquid-disordered (Lo-Ld)
coexisting region was determined using video fluorescence microscopy. We
found that if cares were not taken, light-induced domain artifacts could signif-
icantly distort the measured phase boundary. After testing several fluorescence
dyes, we found that the emission spectrum of Nile Red is quite sensitive tomembrane composition. By fitting the Nile Red emission spectra at the phase
boundary to the spectra in the Lo-Ld coexisting region, the thermodynamic
tie-lines were determined. As an active component of lipid membranes, gram-
icidin not only partitions favorably into the liquid-disordered (Ld) phase, it also
alters the phase boundary and thermodynamic tie-lines. Even at as low as 1 mol
%, gramicidin decreases the cholesterol mole fraction of Ld phase and increases
the area of Lo phase.3023-Pos Board B178
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Polyenes antibiotics have been the most effective drug in the treatment of my-
cotic systemic infection for more than five decades, and at the same time, their
mechanism of action has been a much discussed process. Understanding the
molecular mode of action is essential not only for advancing our knowledge
of trans-membrane transport, but also useful in the search for derivatives
with lower collateral toxicity. In our group, we have been advancing the idea
that membrane structure is responsible for drug selectivity of membranes
with different sterol content. It has been shown that there is a strong correlation
between the phase diagram of the lipid membrane and the action of Nystatin (J.
Memb. Biol. 2010, 237, pages 41-49 and 31-40). Now we extend the study to
consider the formation of ionic channels of Amphotericin B (AmB) in mem-
branes containing ternary and quaternary mixtures of DSPC/DOPC/POPC/
Chol, via tip-dip patch-clamp formation in their suspensions. These mixtures
have been shown to produce Giant Unilamellar Vesicles (GUV’s) with nano,
modulated and macro domains in different regions of the phase diagram (Bio-
phys. J, 2011, 101, L08-L10). The results show that there is a correlation be-
tween the particular phase that the mixture presents and the activity of AmB
channels, both in conductance and kinetics. Since the phase diagram has
been associated with the formation of different size domains we can see the ef-
fect of these, and particularly the ensuing interphases, on the formation and sta-
bility of the channels.3024-Pos Board B179
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Hydrophobic bile acids (BAs) such as deoxycholic acid (DCA) induce cell
death via multiple pathways, including both the intrinsic and extrinsic pathways
of apoptosis. On the other hand, it has been shown that hydrophilic BAs, par-
ticularly ursodeoxycholic (UDCA) and tauroursodeoxycholic (TUDCA) acids
prevent apoptosis. Still, the mechanisms by which these very similar BAs trig-
ger opposite signaling effects remain unclear. We hypothesize that cellular
membranes may constitute a primary target for the modulation of BAs during
apoptosis.
Here, fluorescent derivatives of DCA and UDCA were studied. Both BAs par-
titioned with higher affinity to liquid disordered than to the cholesterol-
enriched liquid ordered domains. From studies with membrane fluorescent
probes, unlabeled BAs are shown to have a superficial location in the lipid
membrane upon binding. Additionally, the interaction of DCA with lipid mem-
branes resulted in a significant expansion in membrane surface area, as ob-
served by a FRET experiment. This effect might be related to changes in
membrane permeability observed after incubation of both mitochondria and
model membranes with hydrophobic BAs. Importantly, it is shown that only
DCA is able to significantly disrupt the ordering of the membrane by choles-
terol, as seen by the fluorescence anisotropy of membrane probes. In this
way, it is possible that the apoptotic effects of BAs are achieved through mod-
ulation of lipid raft formation. Alternatively, since it has been reported that
the oligomerization of the apoptotic protein Bax is dependent on membrane flu-
idity, DCA-induced apoptosis could be the result of an increase in mitochon-
drial membrane fluidity, which promotes Bax oligomerization and triggers
apoptosis.
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